On the other hand, efforts to maintain or increase the level of power supply security should be balanced against the damage as a consequence of blackouts, because it is obvious that blackouts involve far-reaching consequences for the entire socioeconomic system (Petermann et al., 2011) . Obviously, (nearly) every economic process is highly dependent on a safe and reliable supply of electricity. Technical indices, such as SAIFI, SAIDI, and CAIDI, statistically reflect the security of the system focusing on average power interruption frequency, duration, and intensity. From a socioeconomic perspective, the value of lost load (VoLL) 1 is an important indicator addressing the economic consequences of power blackouts and the monetary evaluation of uninterruptedness of power supply. It has a long history and current studies present quantifications.
The present paper takes up the issue of economically evaluating the security of the power supply using the indicator VoLL. However, first of all, the nature of an interruption of the power supply will be described in detail. Consideration will be given to the various factors influencing a blackout (see Characteristics of Power Interruptions). The cost aspects of a blackout will then be discussed and various methods for determining VoLL will be qualitatively evaluated (see Costs and VoLL Measurement Methods) . A structured overview will be used to analyze the informative value of a range of various VoLL studies from the past 10 years (see Current VoLL Studies). This will be followed by a qualitative evaluation of the VoLL approach as an economic indicator of power supply security. Furthermore, a framework for VoLL will be presented that will improve the temporal and international comparability of the results (see Suggestions to Increase the Explanatory Power of VoLL). The text concludes with a summary and conclusions (see Summary).
CHARACTeRiSTiCS OF POweR iNTeRRUPTiONS Technical and Systemic Characteristics
A power outage occurs when electricity customers (industry, state, individuals) are supplied with less electricity than they require from the electricity system (Ajodhia, 2006) . A blackout describes a situation when no electricity is supplied at all. It can have many causes, such as malfunctions or overloading of the various levels of the electricity system, malfunctions in the generation, transmission, or distribution structure, or as a consequence of a lack of raw materials (Ajodhia, 2006) . In supply systems with a high and possibly increasingly proportion of renewable energy sources (RES), which cannot be regulated easily and are not suitable for maintaining the base load, there is a growing danger of interruptions at the level of the transmission and distribution grids, as shown by the example of the increasing number of interventions by transmission system operators in Germany to regulate supply. 2 However, this is largely of no significance from the perspective of 1 In electric industry and in the literature following terms "Value of Customer Reliability, " "Cost of Unserved Energy, " "Cost of Power Interruption, " or "Cost of Electricity Outages, " are used synonymously to address the phenomenon of VoLL. 2 In 2003, the transmission system operator TenneT had to intervene twice, whereas this increased to 387 times in 2007 and in 2012 the number of interventions rose to 1213 (Falthauser and Geiß, 2012; Barth, 2013) . electricity customers. The consequences for electricity customers (material damage, costs) are not usually affected by the cause of the interruption and are contingent on how much they depend on electricity (Sanghvi, 1982) as well as how long they are being interrupted, which will be thoroughly explored later in the paper. The consequences are affected by the factors influencing the outage, which are inherent to each individual case. The character of the individual factors and their combination determine the extent of the consequences. Each outage, therefore, represents a unique event that affects electricity customers to different extents.
In order to represent the multidimensionality of a blackout, the different factors characterizing an interruption of the electricity supply can be broken down into various subcategories. Based on Ratha et al. (2013) , the factors influencing the blackout are divided into the subcategories of "technical factors, " "load-side factors, " and "social factors" ( Table 1) .
The technical factors describe the framework conditions constraining the interruption, the characteristics of which are decisive for the consequences of a blackout. The load-side factors concern the effects that exacerbate the damage arising as a consequence of the structure of the electricity customer affected. In this respect, the customers' pattern of electricity use is also decisive (Caves et al., 1990) . The load-side factors are naturally determined by the technical factors. Finally, the social factors describe the influences that affect the consequences of the blackouts but which are difficult to assess objectively. These are mainly culturally related differences in the economic and social structures of different regions, which lead to differences in power supply security. According to Ratha et al. (2013) , it is particularly the cultural factors that cannot be modeled appropriately.
Time Characteristics
In addition to the multifaceted parameters of a blackout described in Section "Technical and Systemic Characteristics, " the time course of a blackout must also be considered in a differentiated manner. The duration of an interruption of the power supply is an essential influencing factor and requires closer consideration. Three basic phases can be identified, each following the other. The first phase concerns preparation for an interruption (if the interruption is planned and announced), such as the modification of working procedures. This requires the workforce and resources to be used for restructuring and preparatory work preventing them from fulfilling their usual duties or functions. The second phase describes the period of the actual interruption of the power supply. Munasinghe and Sanghvi (1988) .
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The third and final phase is taken to be the interval before the usual production processes are up and running again (Rose et al., 2004) . During this phase, the opportunities increase once again to intervene and guide events, although the duration and characteristics of the final phase strongly depend on the crisis management abilities of the executives in a company (Caves et al., 1992) . This breakdown into phases can be applied to all affected electricity customers. If advance notice is given, then, for example, the first phase also begins with preparatory measures for private electricity customers, such as data backup or controlled shutdown of electrical appliances. During the power interruption, all electricity-dependent activities are affected (both housework and leisure activities). The phase of restoring usual activities and rectifying any damage starts with the end of the power interruption.
The different phases may vary in their duration and characteristics so that, for instance, the first step of making preparations may be inapplicable if there is no advance warning. In this case, the two subsequent phases are more extreme.
Technical indicators for Characterizing Power interruptions
Following on from Section "Time Characteristics, " a power interruption is a very complex phenomenon that is influenced by a large number of stochastic factors. The Institute of Electrical and Electronics Engineers (IEEE) has compiled standardized technical indices in order to measure, evaluate, and compare the reliability and quality of the power supply. The most important indices for supply security are System Average Interruption Frequency Index (SAIFI), System Average Interruption Duration Index (SAIDI), and Customer Average Interruption Duration Index (CAIDI). They refer to the low-and medium-voltage grids (IEEE, 2004) . The determination of the technical indices is subject to clearly defined regulations, for example, only supply interruptions lasting longer than 3 min are taken into consideration. These technical indices form the framework for the regulatory authorities' process of monitoring supply security. The uniform procedure to be applied in collecting data ensures that values can be compared internationally and also over time. Nevertheless, the informative value of the indices has been criticized in various ways. For example, industry is not satisfied with the length of time during which data on power interruptions are collected. Since industrial plants are often liable to brief power failures, they frequently shut down automatically if the power supply is interrupted for more than about 0.2 s (Schlandt, 2012) . Furthermore, only the duration of the interruption itself is considered. Periods of advance warning and restart times are not covered according to the definitions of the technical indices. The indices merely indicate that an interruption has occurred. They do not refer to the measures employed or to the efforts made to avoid an interruption.
COSTS AND voLL MeASUReMeNT MeTHODS
Over and above the acquisition of these purely technical indices, the question arises of the resulting damage and the macroeconomic costs of a power interruption. This requires an economic consideration of power interruptions. To this end, the structure of the different cost categories will be examined in the next section.
Cost Categories for Damage and Mitigation
It seems appropriate to present the various cost types and categories according to the different end users (roughly: industry and commercial users, individuals).
First of all, a distinction can be made between two types of costs. On the one hand, there are costs that can be termed damage costs. On the other hand, end users incur costs that can be better described as mitigation costs. Damage costs can be broken down into direct and indirect costs. Direct damage costs are taken to mean those that are incurred directly by the company or the individual affected. For example, loss of production can be regarded as direct damage for the manufacturer. This loss of production then makes itself felt as indirect damage for other companies in the form of delayed deliveries. Mitigation costs are understood, for example, as costs for the procurement and operation of standby generators. Table 2 gives an overview of the types of costs structured according to end user and according to whether they are damage or mitigation costs.
However, Rose et al. (2004) object that in the course of a supply interruption not only do costs arise, but there are also some market participants who profit from the interruption such as companies commissioned to undertake repair and restoration work as a result of the interruption. At the same time, this means follow-up costs for the companies placing the orders. Even if it does not seem particularly desirable for the companies affected in this context, a power interruption also means savings in electricity costs (Caves et al., 1992) , although they generally tend to be small in comparison to the costs of production downtimes (except in the case of energy-intensive manufacturing sectors).
Cost Optimum for Power Supply Security
In order to assess the damage costs of a power interruption, an important approach is the VoLL. VoLL can be understood as an economic indicator for power supply security. VoLL is determined by relating the monetary damage arising from a power outage due to the loss of economic activities to the level of kWh that were not supplied during an interruption (van der Welle and van der Zwaan, 2007) . In addition to plotting monetary units against kWh, costs can also be plotted in relation to time. However, a representation in monetary units/kWh is more commonly used (Ajodhia, 2006) . Since the VoLL is an economic indicator, the cause of the power interruption is of no interest (Frontier Economics, 2008) .
In the optimum case, the level of supply security should be defined in such a way that the marginal damage costs, expressed by VoLL, are equal to the marginal costs for ensuring uninterrupted electricity supply (Röpke, 2013 ) (see Figure 1) . Accordingly, the calculation of the economic indicator VoLL represents, on the one hand, an opportunity to determine the level of damage caused by a power interruption, the result of which, on the other hand, describes the value of power supply security (van der Welle and van der Zwaan, 2007).
voLL Measurement Approaches
Modern industrialized societies are extremely dependent on electricity so that electricity can be regarded both as an essential input factor for all economic processes and also as the basis for many forms of leisure activities. From the economic point of view, it can be argued that all economic activities cease when there is no electricity (Holmgren, 2007) . A secure power supply is thus indispensable for electricity-based life in society. It is also regarded as an important locational advantage (von Roon, 2013) and has a macroeconomic value.
Even if VoLL offers the opportunity of expressing the value of power supply security in monetary terms, there is no market on which power interruptions can be traded, which is why VoLL cannot be directly derived as market performance. Consequently, VoLL must be determined by using scientific measuring techniques (van der Welle and van der Zwaan, 2007). The individual techniques are grouped differently in the literature [see Caves et al. (1990) , Woo and Pupp (1992) , Sullivan and Keane (1995) , Lijesen and Vollaard (2004) , Ajodhia (2006 ), de Nooij et al. (2007 , and London Economics (2013a)]. A general distinction can be made between direct or survey methods and indirect methods ( Table 3) . Direct or survey methods obtain their information on the costs of power interruptions directly from end users, whereas indirect methods require other sources of information, such as statistical data (Ajodhia, 2006) . In the literature, the VoLL values of different user groups are calculated separately. This particularly applies to industrial or commercial users and private users. Further subdivisions can also be made, e.g., on the basis of branches of industry. The reason for this is that different users are affected differently by the same power interruption. A subdivision also makes sense since no marketable output results from power consumption in private households (Ratha et al., 2013) , which makes it more difficult to quantify the costs of the interruption (LaCommare and Eto, 2006) . In the following sections, the techniques will be briefly presented and their advantages and disadvantages will be discussed (see Tables 4 and 5 ).
Direct Approaches Blackout Studies
In this approach, the resulting damage costs of a real power interruption are recorded retrospectively. The interruption parameters are clearly defined. This method is mainly used for long-lasting and large-area interruptions (Billinton et al., 1993) . A blackout study can also be used as a reference for verifying other VoLL methods. As part of the cost survey, blackout studies also frequently analyze both the performance of the emergency services as well as the impacts on the ecological system (Ajodhia, 2006) .
The basis of the survey -a real power interruption -is both the strength and the weakness of this method. The advantage is that VoLL can be measured for a real event. The disadvantage is, however, that blackouts, at least in industrialized countries, are relatively rare and generally occur without warning so that researchers cannot adequately prepare themselves for the event and that information gathering is time-consuming and expensive.
Willingness to Pay/Avoid
A number of econometric methods are available for assessing power outages, of which the best known are contingent valuation and contingent ranking (or Choice) (Ajodhia, 2006) . In the contingent valuation method (CVM), individuals are asked, either in questionnaires or direct interviews, to give a monetary value to certain unmarketable goods (in this case a blackout). A clearly defined scenario must be formulated in advance. Accordingly, all the payments and earnings determined by this method are of a hypothetical nature. The questions posed using this method can be generally subdivided into two approaches: willingness to pay (WTP) and willingness to accept (WTA). With respect to a power interruption, customers are asked WTP questions about how much they would pay to either avoid a blackout or to be guaranteed a higher level of supply security. The WTA approach represents the opposite strategy according to which questions are formulated about how much money consumers would have to be offered for them to accept a reduction in supply security or to retain the present level of security instead of being upgraded to a higher level (Caves et al., 1990) .
Another technique is the contingent ranking method (CRM). In this case, individuals are asked to rank a number of options (here, interruption scenarios) (Kling et al., 2012) . Each option is linked to a certain monetary value, i.e., compensation or cost. WTP and WTA values can be derived from the interviewees' answers in order to determine the consumers' preferences (Caves et al., 1990) . In CRM, the interviewers set the prices (Ajodhia, 2006) . WTP/WTA studies can also take the socioeconomic characteristics of the interviewees into consideration (Portney, 1994) .
Direct Costs
In this method, interviewees are given a set of different blackout scenarios, for example, of different durations or starting times, to give them a feeling for the general issues involved in a power outage. For each scenario, the end users are asked about the damage costs that they would experience in each situation. In some studies, interviewees are asked to divide the damage costs into categories. This procedure is mainly applied for industrial and commercial users (Billinton et al., 1993) , where different damage categories may result from the different operations in the companies (see Table 2 ). The identification of different cost categories has two objectives. First, they help provide the interviewees, who may have little experience of blackouts, with an overview of possible types of damage and the consequences so that they can evaluate them. Second, they supply the interviewers with important information on the major cost components. Knowledge of the major cost categories can help to minimize the real damage costs of a blackout (Caves et al., 1990) . Ajodhia et al. (2002) summarize these methods in three points:
1. identifying the cost categories, 2. weighting each category with an economic value, and 3. determining the interruption costs by adding up the individual damage costs.
Indirect Approaches Macroeconomic Approaches
Macroeconomic approaches include the production function approach for calculating VoLL for industrial and commercial electricity customers and the determination of VoLL for private customers by means of the household income as a special case of the production function.
Production Function
The production function approach is based on the understanding that electricity is an important input factor like work or capital for the production of goods and services (Munasinghe and Gellerson, 1979; Munasinghe and Sanghvi, 1988) . If an essential input factor in the production process ceases to exist, then a drop in production inevitably results or even a complete production shutdown. The production function approach calculates the consequences of an interruption by relating production outages during the interruption to the kWh that have not been supplied. Essentially statistical data are required and evaluated in order to calculate the outage costs using a production function (de Nooij et al., 2007) . Table 5 compares the advantages and disadvantages. It can be seen that this approach has some weak points that should be noted. However, a great advantage is that the data basis required can usually be supplied by official statistical bureaus and can, thus, be obtained at relatively low cost. Furthermore, by integrating the production function into the input-output calculation, it is possible to determine the consequences of a power outage beyond regional and sectoral boundaries at different impact levels.
Household Income
The approach of determining the interruption costs using household income is based on the logic of evaluating leisure in terms of money. This approach based on Becker (1965) is summarized very succinctly by de Nooij et al. (2007) . According to de Nooij et al. the essence of Becker's theory is that private individuals do not benefit from money or goods alone but from a combination of goods and time purchased with money. In this way, private individuals produce added value by using time and money as input factors. According to this logic, private individuals can also be regarded as production units. As an example, de Nooij et al. (2007) say that merely owning a television set does not in itself represent a benefit or added value for an individual, since the owner also needs time in order to watch television.
In general, it can be said that the value of the income from additional working hours drops the more hours a person works. At the same time, the value of leisure increases since longer working hours necessarily lead to less leisure. Correspondingly, each person has an optimum number of working hours. In this optimum state, the pay for the last hour of work is equivalent to the value of an additional hour of leisure so that the value of an hour of leisure corresponds to a person's hourly rate of pay.
Furthermore, it is assumed that housework interrupted by a blackout must be undertaken at a later time so that this time cannot then be used for recreation. This assumption leads to 1 hour of housework being equated to 1 hour of leisure (de Nooij et al., 2003 (de Nooij et al., , 2007 .
A power outage, thus, limits the freedom of private electricity customers in managing their time and forces them to change their preferred habits even if many of their activities can be performed at a later time without great effort or financial expenditure. Overall, determining VoLL using the income of private households follows a clear theoretical derivation. Unfortunately, VoLL: An Efficient Economic Indicator?
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Revealed Preferences
Another approach to determining the costs of power outages is the derivation of VoLL from current market behavior. In this case, VoLL is either derived from the behavior of companies and households with respect to their investment activities, for example, standby generators or batteries, or from the conclusion of interruptible supply contracts. These expenditures can then be analyzed with respect to the willingness of electricity customers to pay for uninterruptible power supply. These investments are not damage costs but rather mitigation costs ( Table 2) . However, the question arises of whether investments in backup systems are voluntary or rather, as in the case of hospitals, governed by legislation (Röpke, 2013 ).
Assuming a very high level of supply security, as in most developed countries, this method is not applicable in practice since the investment activities of electricity customers are not accessible to analysis. At the same time, conditions, for instance for concluding interruptible supply contracts, are at least in Germany insufficient to provide comprehensive information on the WTP on the part of industrial and private electricity customers.
CURReNT voLL STUDieS Characteristics
Now that the economic indicator for evaluating the security of the power supply, VoLL, and the various survey and calculation methods have been presented in Section "VoLL Measurement Approaches, " the following will give an overview of current studies on VoLL. The studies were published between 2004 and 2014. Table 6 distinguishes the studies according to the country or region investigated and the base year analyzed. Consideration is also given to which interruption scenarios were assumed in the studies and what methods were used to calculate VoLL. Finally, the table shows the areas on which the respective studies focused.
Some trends can be perceived from Table 6 :
-It is immediately apparent that studies on determining VoLL have been performed in a large number of countries. The determination of VoLL is, thus, an issue that has been considered and explored in an international context. However, a regional cluster is clearly visible. Of the 21 studies, 3 relate to the USA and 16 to member states of the European Union. Germany takes first place with six studies followed by Austria, the Netherlands, and Ireland with two each. From the studies relating to Germany, it can be concluded that the motivation for the analyses is the increasing integration of RES into the energy system. -With respect to the past decade, the number of publications increased in the period 2011-2014. Fourteen studies were published during this period, but only seven from 2004 to 2010. This trend can also be explained by the significant increase in the expansion of RES in recent years (for example, all the studies on Germany were published after 2011), which leads to power outages being increasingly regarded as a real danger. -Furthermore, it can be seen from the table that almost without exception macroeconomic approaches and surveys on WTP are applied. 3 In this context, studies that make use of macroeconomic approaches tend to give more differentiated consideration to the industrial sectors in their calculations than studies that apply WTP approaches. -The table also shows the boundary conditions that are of particular significance for the different authors. A comparison of the scenario frameworks shows that different degrees of consideration were given to the factors influencing a power outage ( Table 1) . This is particularly apparent in the assumed duration of the interruption. The periods analyzed range from a few seconds to 3 days. -Moreover, it becomes apparent that the analyses focus on different end-user groups, whereby a distinction was generally made between industrial or commercial and private electricity customers. Considerable differences can be seen in the depth of the sectoral differentiation of the industrial sectors. For example, Tol (2007) 
Quantitative Results
The following figures show the results of the VoLL studies from Table 6 , broken down according to methodology applied and end-user group (industrial and commercial end users in Figure 2 and private end users in Figure 3) . Due to the different degrees of differentiation, the VoLL results of the studies are shown as ranges.
4
As a whole, the following trends can be perceived: -Heterogeneity of the VoLL level in and among the end-user groups: for the industrial and commercial sectors, the results range from a few €/kWh to more than € 250/kWh. This could be due, for example, to the different industrial structures in the individual countries. These ranges for the industrial and commercial sectors are therefore high. The large differences between the VoLL values for individual countries or groups of countries are also striking. The differences range from a few €/ kWh for EU member states (Bliem, 2005; Tol, 2007; Lineares and Rey, 2012) to more than € 250/kWh for the USA and New Zealand (Sullivan et al., 2009; New Zealand Electriciy Authority, 2013) . For private end users, the values range from a few €/kWh (Reichl et al., 2013) and up to about € 45/kWh (Tol, 2007) . In this case as well, structural differences, such as country-specific industrial structures and differences in salary level, may provide an explanation. The VoLL for industrial and commercial end users tends to be considerably higher than that for private end users. Frontiers in Energy Research | www.frontiersin.org -Vice versa, the level of VoLL in the end-user groups depends on the methodological approach. In the studies examined here, there are great differences between the results obtained by the different methods. An obvious explanation is the fact that the results of the studies shown here were determined by two fundamentally different methodological approaches (macroeconomic vs. WTP). It is striking that the average VoLL values for private electricity customers in studies whose results are calculated using the macroeconomic approach are appreciably higher than those in studies based on the WTP approach. In the macroeconomic approaches, VoLL is generally in the range of ~€ 10 to € 25/kWh, whereas in surveys of WTP the maximum VoLL is generally ~€ 10/kWh. For industry and commerce, in contrast, the VoLL results based on the WTP method considerably exceed those obtained on the basis of macroeconomic approaches.
Nevertheless, these explanations can only justify some of the differences. Upon closer consideration, it becomes apparent that, for example, the studies by Praktiknjo et al. (2011) , Growitsch et al. (2013) , Piaszeck et al. (2013) , and Röpke (2013) regard the whole of Germany as the area of study, but the damage costs differ greatly. Another explanation can, therefore, be found in the differences in the more detailed methodological structure of the studies. In this respect, two essential factors have an impact. First, the consideration and weighting of the technical factors from Table 1 play a major role. If different assumptions are made in structuring the framework of the scenario, for instance about the duration or the regional location of the blackout [in the present case, Praktiknjo et al. (2011) and Röpke (2013) consider Germany as a whole, Growitsch et al. (2013) consider the level of the federal states, and Piaszeck et al. (2013) consider the regional districts], then this affects the results obtained. Second, the subdivision of the industrial sectors influences the resulting VoLL values. If the economy as a whole is considered, then VoLL represents a mean. The more extensively the economy is broken down, the more differentiated the VoLL values, and the ranges tend to increase.
In summary, apart from the typical structural features of the income and industrial structures of the countries, three fundamental influences can be identified:
-choice of method, -structure of the scenario framework of the hypothetical power outage, and -breakdown of the industrial sectors, as well as boundaries and level of differentiation. 
SUGGeSTiONS TO iNCReASe THe eXPLANATORY POweR OF voLL
According to definition, VoLL is determined by relating the monetary damage arising from a power interruption (due to the loss of economic activities) to the level of the kWh that are not supplied during an interruption.
On the basis of this definition, a number of methodological approaches and a wide variety of differently structured methods have been developed, as shown in Section "Introduction. "
From the discussion in Section "Quantitative Results, " it can be concluded that the framework definition of VoLL is so broad that the understanding of the concept and of the problem is not sufficiently harmonized and the indicator values cannot, therefore, be properly compared.
5 This is particularly problematic since it is claimed that the indicator should ensure recognized international comparability of the economic evaluation of power supply security. A general criticism is that the definition of VoLL is so all-embracing that it can be used to justify a large number of different procedures. This reduces the informative value of VoLL considerably since the results cannot be integrated into a larger context by means of comparisons and, thus, it is only possible to represent individual cases. Consequently, a uniform framework as a basis for comparison makes an important contribution to improving this indicator enabling it to provide more informative value on an international level. This requires clearly defined specifications. Technical indices that map power supply security, such as SAIDI, are subject to clearly defined criteria and, thus, fulfill these conditions.
The following procedure is proposed in order to develop a uniform framework for determining VoLL. First of all, as an essential prerequisite, it must be ensured that one single method is employed (macroeconomic or WTP). In the next step, the framework of the outage must be clearly defined, i.e., the factors from Table 1 must be given equal consideration. And in a third step, the breakdown of the industrial sectors must be coordinated both with respect to their delimitation and also the degree of differentiation. The clarification of the general analytical framework ensures a uniform and harmonized procedure, thus, providing the basis for international comparability. The VoLL determined on this basis offers the opportunity to place the individual results in an international context and also to consider them over time.
The realistic nature of the VoLL determined in this way can be increased even further by integrating damage-aggravating factors (e.g., influence of preparatory and restart times on the duration of the outage) and damage-mitigating factors (e.g., proportion of internal electricity generation, stockkeeping, making up for production losses, restructuring process steps, advance warning). However, the integration of such factors leads to a reduction in international comparability since the inclusion of such factors requires a solid data basis that in many cases cannot be supplied (or only in part) by official statistical offices and is, thus, frequently not accessible.
This context reveals the problems associated with deciding on a focus, i.e., either as realistic as possible or with the greatest possible international comparability. Since VoLL is completely lacking in international comparability, a uniform analytical framework is urgently required. As soon as this common basis has been created, further steps should be taken to clarify which damage-aggravating and which damage-mitigating influences can be integrated -while maintaining international comparability. However, this still requires extensive discussions both with respect to the methodological approach and also to harmonizing the data basis.
SUMMARY
The review and analysis of 21 studies on the VoLL published in the past 10 years revealed four different aspects that have a fundamental influence on the calculated VoLL.
-country-specific features of the industrial and social structures, -choice of method, -structure of the scenario framework of the hypothetical power outage, and -breakdown of the industrial sectors, as well as boundaries and level of differentiation.
Country-specific features are of particular significance in identifying the results but cannot be varied for the analysis. The three other factors that can affect the VoLL calculation are the choice of method, the structuring of the scenario framework, and the breakdown of the industrial structure by data processing. The different weighting of these aspects is responsible for the large range of VoLL in the results of the analyzed studies.
Overall, the analysis of recent VoLL studies has shown that, according to the present state of the art, VoLL is only capable of mapping one individual case as an economic evaluation index of power supply security, and the respective results must be considered and assessed against the background of the analytical framework. The informative value of these results is not sufficient for comparisons with the results of other studies.
If VoLL can be determined according to a uniformly defined procedure, it may become a decisive factor on which decisions for and against investments for grid optimization and expansion may be based. Furthermore, VoLL may also become extremely important for location decisions on the part of companies. Regions with high blackout probabilities and costs are less attractive for companies to retain existing or establish new operations. Moreover, VoLL could help to ensure an optimum distribution to end users of the remaining electricity in the case of a power outage, as far as this is possible with the technical options available. Further developing the VoLL approach as an economic index would, thus, effectively complement other technical indices.
